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INTRODUCTION
North-eastern Poland, particularly Podlaskie
Voivodeship, is the region with the highest
morbidity rate for tick borne encephalitis and
Lyme borreliosis, with infection rates about 10
times and ﬁve times higher, respectively, than
those for the whole country. First cases of human
granulocytic anaplasmosis were described there,
as well [1].
Efﬁcient tick-borne pathogen transmission
requires a certain time of tick attachment. Appear-
ance of erythema migrans (EM), a patognomonic
sign of Lyme borreliosis, clinically conﬁrms
‘effective’ Borrelia burgdorferi transmission. Know-
ing that Ixodes ricinus in the region might be co-
infected with several pathogens, we studied the
Anaplasma phagocytophilum infection in Lyme bor-
reliosis patients. The aim of the study was to
establish the A. phagocytophilum co-infection rate
among outpatient clinic patients with EM.
MATERIALS AND METHODS
The study group consisted of 56 individuals, seen in outpatient
clinics. They were 35 females and 21 males, aged 47 ± 18.8
years (mean ± SD), with EM. Only untreated individuals were
recruited. EM diagnosis was based on history taking and
physical examination conducted by an infectious diseases
specialist.
DNA was extracted from the 200 lL whole EDTA blood
samples using QIAamp DNAMini Kit (QIAGEN) according to
the manufacturer’s manual. Laboratory diagnosis of Anaplasma
phagocytophilum co-infection consisted of blood smear exami-
nation and nested-PCR reaction targeting the 16S rRNA gene.
Primers ge3a and ge10r, and ge9f and ge2, which amplify
546bp of 16SrRNA gene of A. phagocytophilum, were used [2].
PCR products were sequenced and analysed by BLAST search.
RESULTS
Erythema migrans was clinically conﬁrmed in 56
patients, lasting from 4 to 15 days. Rash, a
singular EM, was observed more often on the
trunk (in 32 out of 56 patients) than on the lower
extremities (16 ⁄ 56) and on the head and neck
(17 ⁄ 56). The size of EM varied in its diameter
from 5 to 28 cm. Most of the patients (48) recalled
a tick bite.
Anaplasma phagocytophilum inclusions in granu-
locytes, morulae, were not found in any patient.
Bacterial DNA was detected in only one individ-
ual (1 ⁄ 56) and the sequence was identical to the
one from a previously described patient [1].
DISCUSSION
Tick-borne diseases represent an international
public health problem of rapidly expanding
importance. Among them, Lyme disease is the
most prevalent in the northern hemisphere. Co-
infection is one of the factors potentially worsen-
ing the clinical course of the disease. Over 30% of
European human granulocytic anaplasmosis
(HGA) cases were double infections, either with
Borrelia burgdorferi or tick-borne encephalitis virus
[3]. The experimental data on B. burgdorferi and A.
phagocytophilum infection show a more severe
course of Lyme arthritis and enhanced blood–
brain barrier transmission of spirochetes, as well
as production of MMPs, cytokines (IL-6, Il-10,
tumor necrosis factor alpha), and chemokines (IL-
8 and macrophage inﬂammatory protein 1alpha)
known to affect vascular permeability and inﬂam-
matory responses [4].
The real infection rate of human granulocytic
anaplasmosis in Europe is still hard to establish.
Our previous prospective study of 68 febrile
patients bitten by ticks revealed two cases of
HGA, fulﬁlling the ESCMIC case deﬁnition, and
two further individuals with stabile antibody
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titres [1]. All patients were co-infected, and the
symptoms of Lyme disease (EM with high fever
and meningeal signs) led them to seek a medical
consultation. In contrast to the Swedish study,
describing four HGA patients among 27 individ-
uals with clinical signs of Lyme borreliosis [5], our
work shows only one out of 56 individuals co-
infected, which is surprisingly low.
CONCLUSION
It is concluded that A. phagocytophilum co-infec-
tion is occasionally found among early Lyme
borreliosis patients in north-eastern Poland.
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